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EXECUTIVE SUMMARY
The Kingston Bay 604b Project (2009-06/ARRA 604), funded in part by the American Recovery 
and Reinvestment Act, was initiated December 2009 and is scheduled to conclude in June 2011 
after nineteen months of activity. 
PROJECT GOALS
The Kingston Bay 604b Project consisted of two phases. In the first phase, executed in the Spring 
of 2010, a water quality sampling QAPP and soil boring SOP were developed, and soils 
information collected from Crescent Street north. (Under CPR’10, preliminary designs for 
Crescent Street north were then finalized, and drawings depicting construction details 
developed). In the second phase, beginning in the summer of 2010, activities were undertaken 
for the purpose of advancing the design of BMPs serving four outfalls to be determined. 
In support of both phases, major component activities were completed including preparation of a 
QAPP for water quality sampling and analysis, and an SOP for soil boring and soil sampling 
(Task 1); two rounds of water quality sampling at ten locations during “first flush”  (Task 2); 
laboratory analysis of twenty runoff samples (Task 3); soil borings at seventeen locations with 
laboratory analysis of a sample from each (Task 4); and topographic and utility survey of over 
3300 feet of roadway (Task 4).
Preliminary design plans (“DRAFT”) were developed (Task 5) based upon the topographic and 
utility survey and conceptual designs presented in the 2006 CZM Report. The preliminary 
designs were then modified based upon the results of the soil analyses consistent with the Mass 
DEP Stormwater Handbook, resulting in the final design plans (Task 6). 
This Report (Task 7) is presented in three sections which, together, comprise the full body of 
activities responding to the contract Scope of Work. The first section (Chapter I) consists of a 
presentation of the results of the ten-outfall sampling program. The second section (Chapter II) is 
a presentation of the results of the fourteen-boring subsurface investigation. The third section 
depicts the “DRAFT” design plans (5 sheets) and the Final design plans (seven sheets) with 
related construction costs.
PROJECT RESULTS
Water Sampling Program
Two rounds of stormwater sampling for the “first flush”  were completed. Samples were taken 
during storm events on July 29, 2010 and September 17, 2010 at ten locations identified from 
watershed rankings presented in the June 2006 Assessment Report for Kingston Bay in the Town 
of Duxbury. Samples were analyzed pursuant to an approved QAPP for fecal coliform, 
enterococci, and total suspended solids. A mass balance calculation was performed and used to 
rank the watersheds in terms of adverse impacts to the receiving water. The results indicated that 
adverse impacts were highest on Elderberry Lane (Outfall #41, sampling Station A); Bay Road/
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Bay View Road/Bay Ridge Lane (Outfall #28, sampling Station D); and Seabury Point Road 
(Outfall #7, sampling Station H).
Soil Testing Program
Two rounds of soils sampling and analysis were completed to refine the size and location of 
subsurface BMPs. In support of BMPs on north Crescent Street, three borings were taken on 
March 2, 2010; in support of BMPs at three other outfalls,  eleven borings were taken on March 
8, 2011. Both rounds of borings were taken using auger and split spoon sampling techniques. 
Fourteen boring logs, sieve analyses, and grain size distribution plots were developed. Proximity 
to groundwater and the presence of low permeability material at certain locations influenced the 
final design plans.
Design Plans and Construction Cost Estimate
Five “Draft”  plans and six Final design drawings were developed for Phase 2 for BMPs at the 
outfall stations noted above: Bay Road/Bay Ridge Lane/Bay View Road; Seabury Point Road; 
and Elderberry Lane. (Drawings for Crescent Street north under Phase 1 were developed under 
CPR’10 and are not included). An estimate of $363,035 in construction cost was calculated for 
all 11 BMPs proposed to be installed under Phase 2.
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DISCLAIMER / ACKNOWLEDGEMENT OF SUPPORT
This project has been financed with American Recovery  and Reinvestment Act Funds from the 
Environmental Protection Agency (EPA) to the Massachusetts Department of Environmental 
Protection (the Department) under Section 604(b) of the Clean Water Act.  The contents do not 
necessarily reflect the views and policies of EPA or of the Department, nor does the mention of 
trade names or commercial products constitute endorsement or recommendation for use.
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I.  WATER QUALITY SAMPLING PROGRAM
TASK 2 AND TASK 3
INTRODUCTION
Two rounds of stormwater sampling for the “first flush”  were completed during this project. 
Samples were taken during storm events on July 29, 2010 and September 17, 2010 at ten 
locations identified from watershed rankings presented in the June 2006 Assessment Report for 
Kingston Bay in the Town of Duxbury and shown on Plate 1. The Report was funded by CZM 
under the FY’06 NPS Grant Program. 
Stormwater samples were taken and analyzed pursuant to an approved QAPP (Appendix 6) for 
fecal coliform, enterococci, and total suspended solids. Analysis was performed by G&L 
Laboratories, Quincy, MA. Results of the sample analysis were tabulated (Table 1) and the 
following is a discussion of those results.
PROJECT APPROACH
Rainfall
On July 29, 2010, between 10 AM and 11 AM, samples of stormwater flow were taken during 
which approximately 0.06 inches of rain had fallen. The preceding 72 hours had been dry. 
Samples were taken at end of pipe (6 locations) where possible, or in the catchbasin immediately 
upgradient of the outfall (3 locations). One sample location was in-stream (Station C). The 
sampling was repeated at the same locations on September 17, 2010 within a few hours after 
approximately 0.29 inches of rain had fallen. Though small, both rain events produced flows 
suitable for sampling. QAPP guidance prescribes no lower limit for the selected sampling event.
RESULTS
Comparison: July versus September
In general, measured values for fecal coliform and enterococci, presented as CFU/100ml, were 
greater in the July samples compared to the September samples (Table 2). Fecal counts ranged 
from 63,000 down to 1,000 with an average of 17,980 in July compared to a range of 52,000 
down to 410 with an average o 14,274 in September. Similar differences were observed between 
the two sampling dates for enterococci (68,000, 240, 17,144 ave. versus 51,000, <10, 13,171 
ave.). TSS samples, on the other hand, were generally greater in September compared to July 
(140 mg/l, 20 mg/l, 67 mg/l average in July versus 340 mg/l, 40 mg/l, 100 mg/l average in 
September).
Comparison: July versus September by Location
Comparing month-to-month results for each location shows values generally within an order of 
magnitude of each other at nearly all stations, with some stations reporting virtually the same 
values at both sample events. For example, at Sample Station F fecal counts were 6,200 in July 
and 7,000 in September while the enterococci counts were 5,600 and 7,600 respectively. On the 
other hand, fecal counts at Sample Station A were 8 times greater in July compared to 
September; the enterococci values at Station E were 12.6 times greater in July compared to 
September. On average, fecal counts in July were 3 times greater than those measured in 
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September while the enterococci counts were 5 times greater. Month-to-month TSS counts 
averaged about the same at each location.
Table 2 - Summary of Test Results
SAMPLE ID
A (outfall)
B (outfall)
C (stream)
D (cb)
D (cb)
E (outfall)
F (outfall)
G (outfall)
H (cb)
H (cb)
I (cb)
J (outfall)
SAMPLE LOCATION WATERSHED TIME TIME RESULTS
watershed area ranking Fecal: CFU/100ml Entero: CFU/100ml TSS: mg/l
JULY SEPT. JULY SEPT. JULY SEPT. JULY SEPT.
Elderberry Lane/18 41 1016 811 47000 5900 26000 7600 30 40
Captains Hill Road/4 40 1020 821 63000 28000 68000 34000 140 340
Stream under Bay Rd./ 5 38a & b 1107 833 1000 730 1200 1100 20 80
Bay View Road/3 28 1028 839 17000 4700 11000 2900 60 60
Bay View Road Dup. N/A 839 4300 2200 40
Ocean Woods Road/7 26 1034 848 20000 4600 29000 2300 60 80
Wadsworth Road/9 20 1035 851 6200 7000 5600 7600 80 40
Torrey Lane/13 15 1044 856 1600 410 240 <10 80 40
Seabury Point Road/11 7 1048 903 5800 35000 12000 51000 60 220
Seabury Point Rd Dup. 1048 N/A 4100 12000 40
Hicks Point Road/6 2 1051 912 12000 4400 6400 4200 60 40
Island Creek/8 1 1054 916 6200 52000 12000 21000 80 60
AVERAGE 17,980 14,274 17,144 13,171 67 100
Calculation of Geometric Mean and Averages (TSS)
Given the location-specific variation between test results in July and September, a geometric 
mean was calculated for fecals and enterococci, and a standard average for TSS (Table 3). 
Geometric mean values for fecal counts ranged from 42,000 colonies per 100 ml (Station B) to 
810 (Station G); average values for enterococci counts ranged from 48,083 colonies per 100 ml 
(Station B) to 49 (Station G); and average values for TSS ranged from 240 mg/l (Station B) to 35 
mg/l (Station A). The “average of averages”  was 12,490 colonies per 100 ml, 12,948 colonies per 
100 ml, and 84 mg/l for fecals, enterococci, and TSS, respectively.
Table 3 - Average of the Two Sampling Rounds
SAMPLE ID LOCATION              GEOMETRIC MEAN AVERAGE
FECAL ENTEROCOCCI TSS
cfu/100 ml cfu/100 ml mg/l
A Elderberry Lane/18 16652 14057 35
B Captains Hill Road/4 42000 48083 240
C Stream under Bay Road/5 854 1149 50
D Bay View Road/3 8939 5648 60
D Bay View Road Dup.
E Ocean Woods Road/7 9592 8167 70
F Wadsworth Road/9 6588 6524 60
G Torrey Lane/13 810 49 60
H Seabury Point Road/11 14248 24739 140
H Seabury Point Road Dup.
I Hicks Point Road/6 7266 5185 50
J Island Creek/8 17956 15875 70
12,490 12,948 84
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Mass Balance Calculation
High concentrations of fecal coliform, enterococci, and TSS are not, by themselves, the 
determining factors for which sites are the worst polluters; the volume of “first flush”  also plays a 
role. First flush volumes for all drainage areas contributing flow to Kingston Bay and the Nook 
from the Town of Duxbury were obtained from the June 2006 CZM Report.  First flush volumes 
for the previously ranked sites ranged from 5,887 cubic feet (Station D) to 1,050 (Station F) 
based upon 1”  of runoff. Using the average concentration of the three parameters at each 
location, a mass balance calculation has been made by multiplying concentration times volume at 
all ten sites. The results ranged from 41,202 x 106 fecal units (Station B) down to 460 x 106 fecal 
units (Station G); 47,170 x 106 enterococci units (Station B) to 28 x 106 enterococci units 
(Station G); and 235,441 grams of TSS (Station B) down to 17,842 grams (Station F).
Table 4 - Mass Balance
MASS BALANCE
SAMPLE ID LOCATION FIRST FLUSH x106 x106 x103
CF Fecal Units Entero. Units TSS: mg
A Elderberry Lane/18 1811 8,541 7,210 17,951
B Captains Hill Road/4 3464 41,202 47,170 235,441
C Stream under Bay Road/5 5439 1,316 1,770 77,016
D Bay View Road/3 5887 14,903 9,416 100,032
D Bay View Road Dup.
E Ocean Woods Road/7 3632 9,866 8,400 72,001
F Wadsworth Road/9 1050 1,959 1,940 17,842
G Torrey Lane/13 2005 460 28 34,069
H Seabury Point Road/11 2447 9,874 17,144 97,019
H Seabury Point Road Dup.
I Hicks Point Road/6 3723 7,661 5,466 52,718
J Island Creek/8 3515 17,874 15,802 69,681
Field Condition Impacts
On October 26, 2010 the ten sites were physically inspected to ascertain the presence of any 
other parameters that should be considered in the analysis. Included was refinement of the 
watershed area contributing to Station A and Station B; field walk of the large wetland located 
between the Station B outfall and the receiving water; inspection of wetlands downstream of 
Station F outfall and Station E outfall; and inspection of Station H outfall with respect to 
wetlands and distance to receiving water.
Station A and Station B
Watershed areas were modified slightly to reflect the drainage impacts from a crowned roadway 
section. As a result, the first flush volume at Station A increased to 1,811 cubic feet from 1,574 
cubic feet, while the first flush volume at Station B decreased to 3,464 cubic feet from 4,288 
cubic feet. In addition, it was observed that the Station A outfall is separated from the receiving 
water by over 500 feet of healthy, well vegetated wetland while the Station B outfall discharges 
directly into a ditch that contains the receiving water. (As an indicator of the positive impacts of 
a wetland between outfall points and the receiving water, the results at Station C, located over 
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1,000’ from major storm drain outfalls, show some of the lowest counts measured during both 
sampling rounds).
Station F and Station E
The outfall for Station F occurs in a wetland about 150’ from the receiving water; the outfall for 
Station E occurs in a wetland area about 450’ from the receiving water. Down stream from the 
Station E outfall, however, erosion from road runoff has resulted in the creation of a half dozen 
informal ditches that discharge directly into the receiving water.
Station H
The outfall for Station H is apparently plugged and submerged by surrounding vegetation 
because it was not visible despite repeated probing with shovel and axe. Nonetheless, the 
abutting neighbor claims the outfall is located near the head of an open ditch about 250’ from the 
main ditch flowing to the receiving water.
Other Issues
Shellfish area CCB 43.2, near the Duxbury/Kingston line, is significantly impacted by 
contamination in the Jones River, so work on Bay Road south of Station H (specifically at 
Station I and Station J) would have minimal impact on water quality without further work in the 
River to reduce bacteria levels. As a result, the Town prefers, in the short term, to pursue 
mitigation of outfalls northerly from Station H where they can expect to see positive impacts to 
the resources.
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Two rounds of samples were taken during the first flush at 10 preselected sample points. Sample 
results were tabulated and analyzed. Based upon an analysis utilizing mass balance calculations, 
it appears that the drainage area served by Station B generates the highest unit counts of fecal 
coliform and enterococci, and the highest TSS values. Station A, Station D, Station E, Station H, 
and Station J are all more or less the same and tied for second in terms of mass balance results. 
Stations C, F, G, and I show, as a group, the smallest mass balance values. Station J is eliminated 
because it is too close to the Jones River where mitigation would be overwhelmed by 
contamination from outside Duxbury. Station B is eliminated because, even though measured 
contamination is highest, the discharge flows through a large wetland where the first flush is 
treated before reaching the receiving water. Factoring in outfall proximity to receiving water, 
mitigation at Station A should advance into design along with Station D, Station H, and ditch 
mitigation on Bay Road adjacent to Station E.
Recommendations
Based on the above findings, we recommend moving forward with field investigation of potential 
BMP locations in the watershed served by Station A. We also recommend that work be 
authorized at Station D and H, and on Bay Road downgradient of Station E. 
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II. SOIL TESTING PROGRAM
TASK 4
INTRODUCTION
Two rounds of soils sampling and analysis were completed. The soils analyses were used to 
refine the size and location of subsurface BMPs in the subbasins determined, after water quality 
sampling and analysis, to warrant treatment. In support of BMPs on north Crescent Street, three 
borings were taken on March 2, 2010; in support of BMPs at three other outfalls,  eleven borings 
were taken on March 8, 2011. The borings done in March were all based upon the conclusions 
and recommendations of the outfall-specific water quality sampling completed over the summer 
of 2010 and presented in a letter report dated October 29, 2010. Therein it was recommended to 
proceed with BMPs on Elderberry Lane (outfall sampling Station A); Bay Road/Bay View Road/
Bay Ridge Lane (Station D); and Seabury Point Road (Station H).
Both rounds of borings were taken pursuant to an approved SOP (Appendix 7) dated February 
18, 2010 using both auger and split spoon sampling techniques. The boring results were logged 
by a qualified engineer in the field, and soil samples were grabbed for sieve analysis by Bennett 
Environmental Associates, Brewster., MA. Fourteen boring logs, sieve analyses, and grain size 
distribution plots are included in Appendix 2 of this report.
PROJECT APPROACH
Time of Borings
Consistent with the scope of work outlined in the 604b Grant award, soils analyses were 
collected early in the project for refinement of three subsurface BMPs on north Crescent Street 
funded for construction under a CPR’10 Grant. Known as Outfall 44, the site was determined 
earlier to warrant mitigation. The north Crescent Street work represented Phase 2 of mitigation, 
Phase 1 was constructed the preceding year on south Crescent Street under a CPR’09 grant.
The second round of borings could not proceed until the outfalls warranting mitigation were 
identified. Water quality sampling was undertaken over the summer at ten outfalls to determine 
which posed the greatest environmental threat based upon mass balance calculations. The 
October 29 letter report identified Station A, Station D, and Station H as the preferred areas for 
mitigation. Station E (Outfall 26) was also identified. 
Based upon conceptual designs completed under an NPS’06 Grant for the areas contributing 
stormwater flow, a field site walk was undertaken that confirmed the utility of borings at all sites 
except for the watershed served by Station E. A BMP system utilizing curb cuts to take 
advantage of abutting wetland treatment was deemed most practical on this section of Bay Road, 
eliminating the need for a boring. Directing stormwater to adjacent wetlands for treatment will 
be subject to local Conservation Commission review under the Wetlands Protect Act.
RESULTS
The two rounds of borings were taken at two significantly different areas in terms of their 
surficial geology and groundwater characteristics. The first round in March 2, 2010, taken on 
Crescent Street at about elevation 50, were found to be uniformly sands with no groundwater 
observed at depths up to 10 feet. The second round, taken at eleven locations, most of which 
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were between elevation 10 and elevation 25, were found to be layered with a variety of sands, 
organics, and clay. More importantly, groundwater was observed to be relatively shallow. Table 1 
below summarizes the boring results.
TABLE 1 - BORING SUMMARY
BORING Elevation Observed Soils Depth to
Groundwater
Mar 2, 2010
B-1 (Crescent St) 50 sand, some stones None Observed
B-2 (Crescent St) 57 sand, refusal at 9.5’ None Observed
B-3 (Crescent St) 58 sand and cobbles None Observed
Mar 8, 2011
SP-1 (Seabury) 12 sandy silt;coarse sand; clay layer 65”
SP-2 (Seabury) 20 coarse sand; clay; sand 30”
Bay Road-1 26 fine sand; organics; coarse sand 50”
Bay Road-2 21 fine sand; organics; coarse sand 53”
Bay Road-3 13 organics; fine sand 45”
Bay Road-4 11 sand; organics 72”
Bay View-1 19 silty sand; clay and silt 42”
Bay Ridge-1 31 silty sand; fine sand 57”
Bay Ridge-2 47 sand None Observed
E-1 (Elderberry) 14 silty sand; stiff clay None Observed
E-2 (Elderberry) 21 clay; sandy clay 64”
Permeability Determination
At each boring, one to three soil samples were taken, bagged, and labeled for future soils testing. 
Soils that appeared to represent elevated permeability, preferably above but sometimes below the 
water table, were selected in the field for analysis. Two samples were tested for each of the three 
holes in the 2010 sampling program. Due to budget constraints, only one sample was tested for 
each of the eleven borings in the 2011 program. A sieve analysis was performed on all selected 
samples, and D10 values determined for each. (The D10 value is the soil diameter at which only 
10% of the soils are retained). Using the Hazen Method, permeabilities were calculated using the 
relationship:
K = 100(D10)2
where D10 is expressed in centimeters.
Results of soils testing are shown in Table 2 below:
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TABLE 2 - PERMEABILITY SUMMARY
SAMPLE K K
LOCATION ID DEPTH D10 PERMEABILITY     PERC RATE     USEABLE PERMEABILITY
(MM) CM/SEC IN/MIN MIN/IN CM/SEC INCHES/HR
SEABURY PT SP-1 7’ 0.19 0.0361 0.853 1.2 0.0181 26
SEABURY PT SP-2 6’ 0.065 0.0042 0.100 10.0 0.0021 3
BAY ROAD BR-1 6.5 0.14 0.0196 0.463 2.2 0.0098 14
BAY ROAD BR-2 6’ 0.092 0.0085 0.200 5.0 0.0042 6
BAY ROAD BR-3 7’ 0.15 0.0225 0.531 1.9 0.0113 16
BAY ROAD BR-4 6’ 0.068 0.0046 0.109 9.2 0.0023 3
BAY RIDGE BRR-1 6.5 0.17 0.0289 0.683 1.5 0.0145 20
BAY RIDGE BRR-2 7’ 0.16 0.0256 0.605 1.7 0.0128 18
BAY VIEW BV-1 7’ 0.06 0.0036 0.085 11.8 0.0018 3
ELDERBERRY E-1 4.5 0.12 0.0144 0.340 2.9 0.0072 10
ELDERBERRY E-2 7’ 0.085 0.0072 0.171 5.9 0.0036 5
Crescent N Site 5 B-1, S-2 5-7.5 0.12 0.0144 0.340 2.9 0.0072 10
Crescent N Site 5 B-1, S-3 9'-10' 0.19 0.0361 0.853 1.2 0.0181 26
Crescent N Site 6 B-2, S-3 5-7.5 0.065 0.0042 0.100 10.0 0.0021 3
Crescent N Site 6 B-2, S-4 7.5-10 0.09 0.0081 0.191 5.2 0.0041 6
Crescent N Site 7 B-3, S-2 5-7.5 0.12 0.0144 0.340 2.9 0.0072 10
Crescent N Site 7 B-3, S-3 7.5-9.5 0.07 0.0049 0.116 8.6 0.0025 3
System Design
Borings were positioned in the field in the vicinity of where the original conceptual subsurface 
systems were expected to be located (as shown in the Assessment Report of 2006). In some 
instances, proximity to buried utilities, presence of overhead wires or tree limbs, and concerns 
about traffic during the boring operation caused us to shift slightly the field location of the work. 
Once the borings were underway, however, it became clear that, in some cases, soil permeability 
and proximity to groundwater were both going to influence design, especially during the March 
2011 testing. Consequently, some boring locations (such as on Bay Ridge Lane) are not quite at 
the exact location of the subsurface system. In other locations, such as Elderberry Lane and 
Seabury Point Road, the soils were found to be reasonably permeable, thereby allowing us to 
consolidate all mitigation in one system where two were originally planned.
Consistent with the MassDEP Stormwater Regulations, the sizing of subsurface systems was 
determined using the Dynamic Field Method because we had insitu permeability data. The 
Dynamic Field Method allows the engineer to take advantage of one-half of the measured 
permeability but no sidewall area for percolation; a conservative approach that enables systems 
to be smaller in size than simply equal to the “first flush” volume. 
The BMP designs include a vessel for settling, either a septic tank or sumped drain manhole 
sized to hold about 10% of the “first flush”  volume, ahead of each subsurface system. These 
vessels, like any catchbasin, need to be cleaned out periodically through a regular maintenance 
program.
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III. DESIGN PLANS AND CONSTRUCTION COST ESTIMATE
TASK 5 AND TASK 6
INTRODUCTION
“Draft”  Design Plans and Final Design Plans were developed (Appendix 4), and an estimate of 
construction cost made for all 11 BMPs proposed to be installed under Phase 2 (Bay Road/Bay 
Ridge Lane/Bay View Road, Seabury Point Road, and Elderberry Lane). For BMPs installed on 
Crescent Street under CPR’10, a Final Design was developed, and a detailed construction cost 
estimate prepared.
PROJECT APPROACH
Phase 1 Construction on Crescent Street North
Though constructed with CPR Grant money, the Duxbury 604b program funded early 
components of design including subsurface soils investigation and preparation of a construction 
cost estimate. Soils investigations on Crescent Street are discussed elsewhere in our Report; 
Table 1 below presents a summary of the 2010 construction cost estimate for Crescent Street 
north.
TABLE 1 - CRESCENT STREET NORTH CONSTRUCTION ESTIMATE
ITEM DESCRIPTION QUANTITY UNITS COST TOTAL
1 6' Dia. DMH 1 EA $4,000 $4,000
2 4' Dia. CB 2 EA $2,500 $5,000
3 1500 Gal. Septic Tank 2 EA $5,000 $10,000
4 Block Gutter Inlet 2 EA $2,500 $5,000
5 Standard Frame & Grate 5 EA $700 $3,500
6 Cascade Frame & Grate 2 EA $900 $1,800
7 Standard Ring & Cover 3 EA $600 $1,800
8 Modify Existing CBs 1 EA $1,000 $1,000
9 Trench Drain 30 LF $40 $1,200
10 Oil Trap Hoods 4 EA $300 $1,200
11 12” HDPE Pipe 110 LF $45 $4,950
12 4’ High Leach Galleys 24 EA $1500 $36,000
13 Risers 6 EA $250 $1,500
14 Repavement 555 SY $45 $24,975
15 Cape Cod Berm 120 LF $20 $2,400
16 Haybale / Silt Fence 50 LF $10 $500
17 Restoration 1 LS $2800 $2,800
18 Signage / Barricades 1 LS 600 $600
SUBTOTAL $108,225
Contingencies 10% $10,823
TOTAL $119,048
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As shown above, the original construction cost estimate was for $119,048, slightly more than the 
final cost by the construction contractor ($117,593)
Phase 2 Construction
An estimate of construction cost was developed for all work remaining to mitigate four areas 
contributing stormwater flow to Kingston Bay. Included were nine subsurface BMP sites, one 
rain garden (Elderberry Lane - Site 1), and a series of “scuppers”  or curb cuts along Bay Road to 
direct stormwater flow to abutting wetlands for polishing (Site E, Outfall #26). A summary of all 
estimated costs is presented in Table 2 below. Detailed costs are presented in Appendix 5.
TABLE 2 - PHASE 2 CONSTRUCTION COST SUMMARY
S T R E E T N A M E / 
(OUTFALL)
SITE NUMBER
1 2 3 4 5 6 7 TOTAL COST
SEABURY PT (7) $41,499 $41,499
BAY RD  (26) $19,849 $19,849
BAY ROAD (28) $29,978 $51,433 $32,513 $29,791 $32,743 $45,392 $36,813 $258,663
ELDERB’Y (41) $12,518 $30,506 $43,024
TOTAL $363,035
RESULTS
As shown, the estimated cost to construct all BMPs to mitigate stormwater impacts from the four 
most significant outfall sources of runoff pollution to Kingston Bay in Duxbury is $363,035. 
Most of the cost is focused around systems to mitigate outfall #28 opposite Bay View Road 
where seven sites are identified for BMP implementation ($258,663). See Bay Road Sheet 1 
through Sheet 3 (Appendix 4). The outfall serves a large catchment area and includes an in-place 
drainage network of catchbasins, manholes, and open swales. Borings and soils analyses show 
that proximity to groundwater and modest soil permeability rates mean systems will, for the most 
part, warrant a large footprint in the public way. Combining all flows to one or two sites would 
not have been practical.
Subsurface investigations on Seabury Point Road and Elderberry Lane enabled us to reduce the 
construction cost considerably from that developed during the preliminary design phase. The 
systems on Seabury Point Road (Sheet 1 of 1), originally estimated at approximately $97,100, 
are now estimated at $41,499 because reasonably good soils were found for percolation at a 
location near the existing outfall. The result was elimination of an entire subsurface system 
upgradient. Similarly, on Elderberry Lane (Sheet 1 of 1), an upgradient subsurface system was 
eliminated while a downgradient rain garden was added. The original preliminary cost of 
$97,300 is now estimated to be $43,024.
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The section of Bay Road contributing runoff at outfall 26 (Sheet 1 of 1) has been targeted for 
modest construction based upon the fact that much of the area is wetland and available for runoff 
treatment before discharge to Kingston Bay. A system of eight “scuppers”, or curb cuts, to 
riprapped aprons emptying into an existing wetland (north) or existing vegetated swale (south) is 
proposed. The estimated cost of $19,849 and will be constructed by Town forces, ie, Town of 
Duxbury municipal employees. During final design, care will be taken in the details to ensure 
that the riprapped aprons do not extend into the bordering vegetative wetlands. The Town 
anticipates that a filing with the Conservation Commission will be required and, most likely, an 
Order of Conditions issued for the work to proceed.
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IV.  CONCLUSIONS and RECOMMENDATIONS
CONCLUSIONS
Based upon the work completed to date, we present the following conclusions:
1. The Kingston Bay 604b Project (2009-06/ARRA 604) has been completed pursuant to the 
Scope of Work issue by the DEP. 
2. Four outfall locations, out of ten outfalls sampled, were found to represent the primary 
remaining unmitigated sources of bacterial contamination into the “Nook”. The selected outfalls 
are identified as Seabury Point Road (Outfall #7), Bay Road (Outfall #26), Bay Road (Outfall 
#28, and Elderberry Lane (Outfall # 41)
3. Preliminary designs for subsurface BMPs at the four outfalls selected for mitigation needed to 
be refined based upon results of soil borings, soil sample analyses, and permeability calculations. 
4. Soil conditions, proximity to groundwater, and location of buried utilities influenced final 
design at Outfalls #7, #28, and #41. At Outfall #26, the selected BMP takes advantage of 
treatment provided by an adjacent wetland.
5. The cost of construction for all four outfall sites is estimated at $363,035. 
6. A grant application for funding under Federal 319H represents an opportunity for the Town to 
begin construction of the BMP mitigation at all four sites.
RECOMMENDATIONS
Based upon the activities completed in the course of this 604b project in Duxbury, we 
recommend that the Town:
1. Construct, over a three year period, the BMP systems that have been designed for the four 
most contaminating outfalls. Specifically, the Town should prioritize all the BMP sites that, 
collectively, comprise the construction components.
2. Apply for 319H Grant program funds to enable construction of the BMPs over a period of 
three years.
3. Absent a 319H application, pursue CPR Grants through the Office of Coastal Zone 
Management.
4. Implement the “scupper”  BMPs on Bay Road using force account (ie, Duxbury municipal 
employees).
Note: Permitting issues for BMP construction will need to be identified during the final 
design phase.
It is also recommended that the Commonwealth:
Develop a sampling program through its Division of Marine Fisheries, in conjunction with the 
Town, to obtain the water quality data needed to update the current classification of the 
shellfishing resource areas along Bay Road.
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